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NMPUMEHEHUS

Ot naptHepoB nporpammsbl Natural Gas STAR

COMPOSITE WRAP FOR NON-LEAKING PIPELINE
DEFECTS

KOMMNO3UTHOE NOKPbLITUE AJIA TEPMETUYHbIX
OE®EKTOB TPYBOIMNPOBOOOB

KoMnoanTHOe NOKpbITUE SABNAETCS AONTOBPEMEHHOM, 3KOHOMUYECKN (P EKTUBHOM TEXHOSNOMMEN PEMOHTA
TpybonpoBoaa, KoTopasi npurogHa Anst repMeTUYHbIX AedekToB Tpybonposoda Tuna BMATUH, KAaBEPH, LiapanvH 1
o6LLen koppo3nn. HaHeceHne KOMMO3UTHOO MOKPbITUS BO3MOXHO ©e3 OTKIMoYeHM OEeNCTBYOLLIEro Tpybonpoeoaa. O1a
TEXHONOrnsa peMoHTa 6ornee onepatmMBHa U SKOHOMMYHA OTHOCUTENBHO OPYrMX BUAOB PEMOHTHBLIX paboT 1 npu
NpaBUIIbHOM MPUMEHEHMN 0becrnevmBaeT BOCCTaHOBIIEHNE HECYLLIEN CNOCOBHOCTH TpybonpoBoaa.

KomnoautHoe NMOKPbLITUE MOXET pacCMaTpuBaTbCA KakK anbrepHaTtnBa TpaauUNOHHBIM METOOaM PEMOHTa pr60ﬂpOBOLI,a,
TaKMUM, KaK 3aMeHa ero y4acCTtkoB UJN YCTaHOBKa CTallbHbIX Pa3pe3HbiX BCTABOK C MOJIHbIM OCHALLEHNEM. B CpaBHeHUU C
TpaaUnUMOHHbIMMN METOAAaMMN PEMOHTA npouecc HaHeCeHNA KOMMO3UTHOIO NMOKPbITUA 3HAYUTENbHO AeLleBre, MeHee
npoaopkKnTeneH n TpygoemMok. rlpl/l 3amMeHe pr6OI'Ip0BOD,a HaHeCeHMEe KOMIMO3UTHOIo NOKPbITUA UMEET
O0NONHUTENbHbIE NpenMyLLecTBa B BUAOE OTCYTCTBUA NepepbiBOB B O6CJ'Iy)Kl/IBaHVIl/I 3aKas4dnka " UCKI4YeHnAa aMmccumn
MeTaHa npu yganeHnn rasa n3 noBpexaeHHoro pr6onpOBo,u,a.

[MpumeHeHVe KOMNO3UTHOMO MOKPLITUSA B Ka4eCTBe ansTepHaTyBbl 3amMeHe Tpybonposoaa obecneymBaeT coxpaHeHme
obGbema rasa, JOCTaTOYHOro 4S9 HEMELIEHHOW OKynaeMOoCTU BbINOMHEHHbIX paboT. MNapTHep nporpammbl Natural Gas
STAR coobuiaeT o npoBegeHun ot 2 0o 65 peMOHTHbIX paboT 3a rof ¢ HAHECEHNEM KOMMO3UTHOIO MOKPLITUSA Ha
Tpybonpooae avametpom 10 gronmos (0,25 m) n 6onee. MNpy 3TOM 3KOHOMUS raza CoCTaBnsieT OT 526 ThiC. yT.?
(14,89 Tbic. M*) go 27 500 TbIC. yT.* (778,71 ThiC. M*) Ha KaxabIn pemoHT. 3a neprog 1993-1999 rr. atoT NnapTHep,
NCKMOYMB 3ameHy TpybonpoBoaa v UCNornb3ysd HAaHECEeHe KOMMNO3UTHOO MOKPbITUSA, NOMAYY 3KOHOMMIO

106 133 TbIC. yT.*(3005,35 ThIC. M°) rasa.

MeTtoa cokpaiweHusa | O6bemM aKOHOMUMU CtouMoCTb CtoumMocTb Mepvopn
yTeYKM rasa NPUPOLHOro rasa, C3KOHOMJIEHHOIro BbINONHEHUs OKynaemMocTu
Thic. pyT.? (Tbic. M°) | NPUPOAHOro rasa? pabort®

PeMOHT ¢ HaHeceHViem 3960 (112) $11 880 $3 963 HeMe[eHHbIN
KOMMO3UTHOTO MOKPbITUS'

" YctpaHeHue gedekta paamepom 6 arovimos (0,15 m) Ha TpyGonposoge guameTpom 24 atorimoB (0,6 M), akcnnyaTupyemoro nog AaBfieHneM
350 cpyHT/Oronm? (2,4 MIMa), npu pa3MeLleHnn 3anopHbIX BeHTUnen Ha pacctosiHun 10 munb (16 km).

2 Mpepnonaraemas LeHa npupogHoro rasa $3/Teic. gyT.? ($106/ Thic. M°)

3 Bkntoyaet TpygosaTtpatbl, 060pyfoBaHue U maTtepuarnbl, KOCBEHHbIE U3AePXKKM. [pMMeYaHme: CTOMMOCTb 3aMeHbl TpybonpoBoaa B JaHHOM

npumepe coctaensiet $22 746, Bkroyas CTOUMOCTb rasa Ans npoayeku (a3ot npu ueHe $4/toic. gyt ($141/Teic. M°). Bonee noapobHas

MHOpMauus npeacTaBneHa Ha puc. 5.

HacTtoswum JOKYMEHT - oguH u3 otdeToB cepun "OnbIT NpumMeHeHuns”, pa3paboTtaHHon EPA B coTpygHU4ecTBe ¢

rasoBov OTpacsblo B paMkax npoektoB nporpammbl Natural Gas STAR.



lepmeTnyHble (He BbI3blBaKOLLME yTeYek) aedekTbl TPyOonpoBoaa, Takme Kak
KOPPO3Usi, BMSATUHbI, KaBEPHbI, LlapanuHbl, TPELLMHbI, MOTYT ObITb MPUYNHOM
paspbiBa Tpybonposoga. [enaptameHT TpaHcnopta CLUA (DOT) npeanaraet
TPW OCHOBHbIX MeTOoZa yCTpaHeHUst NogoOHbIX AeeKTOB Ha CTarnbHbIX
TpybonpoBoaax:

% yOaneHve NoBpexaeHHOro yyactka Tpy6onpoBoaa 1 ero 3ameHa;

% YCTaHOBKa CTanbHOW pa3pe3Hon BCTaBKM C MOSHbIM OCHALLEeHWeEM Ha
NOBPEXOEHHbIV Y4acToOK;

* HaHeceHue KOMMO3UTHOro NOKPbLITUA Ha ﬂOBpe)I(ﬂeHHbIVI y4acCTOK.

TexHonormm 3ameHsbl y4acTka pr6onposo,ua N YCTaHOBKaA CTallbHbIX BCTAaBOK
ABMATCH AOPOroCTOALLMMU, TPEBYOLWNMY ANUTENBHBIX 3aTPaT BPEMEHU U
Tpygoemkumu. Kpome Toro, 3ameHa yactu Tpybonposoaa Tpebyet
OTKIKOYEHUA ero NnoBpeXXaeHHOro y4actka U CoOoTBETCTBEHHO BPEMEHHOIo
npekpaLleHus nogaym rasa. a3 yctpaHsietcst us Tpybonposoaa,
NMOBPEXOEHHbIN y4acTOK BbIpE3aeTCH, a HOBbIN CerMeHT Tpybonposoaa
yCTaHaBMMBAETCS Ha 3TO MECTO MeToaoM cBapku. CTarnbHble BCTaBKU
06bIl4yHO MCNONb3YKTCA ANA YCTPAHEHUA YTEYKU UK ocnabneHnsa noTtoka B
TpybonpoBoae 6e3 OCTaHOBKM CUCTEMBI. [TOBPEXAEHHBIN Y4aCcTOK
TpybonpoBoaa M3BMeKatoT, O4ULLAKOT €r0 BHELLHIOK NMOBEPXHOCTb U
yCTaHaBMMBAIOT CTaNbHYI paspe3Hyto BCTaBKY, 3aKpennss ee 6ontamu unm
npueapueas. HaHneceHne KomMno3nTHOro MNOKPbITUA B Ka4eCTBe alibTepPHaTUBDI
3amMeHbl TpybonpoBoaa obecnevmBaeT CoKpaLLeHNe PUCKOB, CBA3AHHbIX C
6Ge30nacHOCTbLIO0 paboT, cokpaLLaeT BpeMsi MPoCcTos TpybonpoBoaa, 9KOHOMUT
ras anst Npogaxm 1 ymeHbLUaeT aMUCCU0 MeTaHa B aTmocdepy. Cuctemsl
KOMMNO3UTHOIO NOKPbITUA NO3BOJIAKOT NPON3BOANUTL PEMOHT pr6onposop,a
6e3 OTKMYEeHNs Nogayn rasa, NpoayBkM TpybonpoBoga Unm OTCeYeHUst ero
yyacTka.

[encrtene cucteM KOMMO3UTHOIO NOKPbITUA 3aKINK4YaeTcA B nepegade
KOJ1bLLEBOIro HanpaXxeHuna ot
NnoBpeEXOEeHHOro y4acTtka 4epes
HaMofHUTENb C BbICOKOM
CTENEHbIO CXKaTuA Ha
KOMMNO3UTHYHK] JIEHTY, KOTOpPas

[Ba knacca BCTaBOK C NOMHbIM
OCHalleHuem

Knacc A: CtanbHble BCTaBku, KOTOpbIE He

pasmMmeLlleHa BOKpyr NPUBapUBAIOTCS MO OKPYXXHOCTU K
TpyGonposoaa v npukpenneHa K TpyGonposoay.
HEMY CBA3YHOLMM MaTepuariom.

Knacc B: CTtanbHble BCTaBkM NpvBapuBatoTCs No
YcTaHoBKa Haknagku ¢ OKPYXHOCTH.

KOMTMO3UTHBIM MOKPLITUEM
paccmaTpvBaeTCs Kak PEMOHT C
MOMHbIM OCHALLEHWEM MO TUMY A (CM. TEKCT HIDKE).

BapMaHTbl KOMMNO3UTHOINo NOKpPbITUA

BapuaHTbl CUCTEM KOMMO3UTHOIO MOKPLITUA pa3HO0OpasHbl. B aTux
cucTemMax MCrosb3yHTCs pasfnuyHble MaTepuarns A5s HAaMOTKU U aaresuu, B
HEKOTOPbIX U3 HUX - ANOKCUAHbLIE NONMUMEPLI U OTBEpAMTENU. MNprUMepsb!:
Clock Spring®, StrongBack, Armor Plate®, n PermaWrapTM. Kaxabin n3
BapWaHTOB MMEET onpeaerneHHble NpenMyLLecTsa:

% Clock Spring® - cuctema, cocTosiLasi U3 Tpex YacTen, B KOTOpOn
COBCTBEHHO MOKPbITUE (DOPMUPYETCSI U3 CTEKIOBOIOKHA M NONMIchMpPHON
CMOTbl.

* Cuctema StrongBack akTnBu3npyeTcst BOAOW U MOXET HAHOCUTLCA Ha
YBMNa)KHEHHbIE MOBEPXHOCTH.



% Armor Plate® npon3sBoaMT MHOXECTBO CUCTEM MOKPLITUSA, KOTOPbIE MOTYT
ObITb NCMOMb30BaHbI B LUMPOKOM AuanasoHe YCIOBUWN, BKIOYas BbICOKOE
WM HU3KOE JaBneHne, BbICOKYH UMM HU3KYHO TeMnepaTtypy (Huke
TemnepaTypbl 3aMep3aHns) 1 UCMONb30BaHNE MO BOLOW.

* PermaWrapTM (npoussogutcsa komnaHuen WrapMaster) nmveet onuuio,
NO3BOSSIOLLY 0OHaPYXXWTb NpeablayLne BUTKA HAMOTKM
YYBCTBUTENbHbLIM aHanM3aTopomMm, T.e. onepaTtopam He npuaetcs
BCKpbIBaTb y4acTOK TpybonpoBoaa, KOTOpbIn Obin paHee
OTPEMOHTUPOBAH.

BonbLWMHCTBO hNPM-U3roTOBUTENEN NpeanaraeT BuaeodunbMbl, obyyeHne
N KOMMbIOTEPHbIE MPOrpaMMbl aHann3a AedeKkToB TPyOONpPOBOAOB.
TexHONorMm KOMMO3MTHOTO MOKPLITUS pasBMBatoTCs ObICTPO, U NapTHEpPam
crnegyet BHUMATENbHO U3yYaTb BO3MOXHOCTU UX MPUMEHEHUS s
YCTPaHEHUS repMeTUYHBIX AedEKTOB Ha yyYacTkax TpybonpoBoga. B koHue
CTaTby B CNNCKe NUTepaTypbl NPUBOAUTCS HEMOSHbIN NepeYvyeHb
npoussoamuTernen KOMMO3UTHOrO MOKPbITUS.

TexHonorus Clock Spring®

Kak oTMe4eHo BblilLe, MMEETCH HECKOMNbKO BapUaHTOB PEMOHTA C
NCMONb30BaHNEM CUCTEM KOMMO3UTHOIO MOKPbITUS. HekoTopble napTHepb!
Natural Gas STAR Ha npoTsxeHum MHorux net npumeHstot cuctemy Clock
Spring®." anee 6ynet npuBegeHa 6onee nonHas MHopmaLms no
mMartepuanam, TEXHONOrn yCTaHOBKN 1 paboTe 3TUX cuctem.

KomnoanTtHoe nokpbiTne
Clock Spring® coctont 13
Tpex yacTen:

1. BbicokonpoyHasi, —]
OfHOHanpaeneHHas
KOMMO3UTHasi CTPYKTypa 13
CTEKIOBOMOKHA Ha
NONMMEpPHON OCHOBE.

2. [IByxcocTaBHas,
BbICOKO3(hheKkTnBHas

Krneeasi cuctema ObICTPOro
OTBEPAEHWS. McTounuk: Clock Spring® Company L.P.

3. KOMGMHMpOBaHHbIIZ HaMNoNMHNTENb C BbICOKUM Mpeaeriom npo4yHOCTN Ha
CXaTtune Ona nepepacnpeneneHna Harpy3ku.

CTpyKTypa KOMMO3UTHOIO NOKPbLITUA. MHOrOCNONHOE KOMMNO3UTHOE
nokpbITe 06bivHO nMeeT TonwmHy 0,062 arorma (0,16 cM) n cogepxut
CTEKITI0BOJIOKHO B npegernax ot 60 go 70 npoueHToB oT Beca. OanH BUTOK
MOKpbITUA oxBaTbiBaeT ognH ¢yt (0,3 MeTpa) No HanpaBneHuo BAOSb
TpybonpoBoaa. KoMno3nTHOe NoKpbITUE HAHOCUTCSI 8 BUTKaMU BOKPYT
TpybonpoBoga n obpasyet ytonuwieHune 0,5 arorma (1,27 cM) ynpoyHsIHOLLEro
maTtepuana. Ons kaxgoro gnameTtpa TpyObl AnnHA cnvpasibHOM Norochl
pasnuyHa. KomnosuTtHoe nokpbiTve Clock Spring® MOXeT npuMeHATbCA A
TpybonpoBogoB anameTpom ot 4 fo 56 gronmos (10,16-142 cm).

'Ot0T pa3gen nocesLeH cucteme Clock Spring® B Liensx ynpoLleHnsi 9KOHOMUYECKOro
aHanu3a, NpMBOAMMOro fanee B 3ToM AokymeHTe. Nporpamma Natural Gas STAR He
YTBEPXKOAET, YTO 3Ta CUCTEMA KOMMO3UTHOIO MOKPbITUS FyYLLE UMK Xy>xe Noboi apyrow
cuCTeMbl, NPEACTABMNEHHOM Ha PbIHKE.



Knewn. [JByXKOMMOHEHTHbIN KIEW - SMOKCUAHBIN METUITMETaKpunaT
ncnonb3yetcs Ansa dukcauum matepuana.

MepepacnpeneneHue Harpy3ku (HanonHuTenb). [locne pemoHTa
TpybonpoBoga Harpyaka, KOTOpyH HecyT CTeHkM Tpybonposoaa,
nepepacnpegensietcs Yepes HarnornHUTerNb Ha KOMNO3UTHOE NOKPbITUE.
BHelwHnA gedhekT 3anonHaeTcs MaTepuanomM HanonHuTensi, obnagaroLmm
BbICOKMM MpeaenomM NpovyHOCTU Ha cxXaTue 1 npegoTspallatoLlum
ocrnabrieHne cTeHok TpyObl 1 ee fganbHelwee paspylleHne. MaTtepuan
HanonHUTenNs - MeTakpynaTt UMeeT npeaen NPOYHOCTM cxxaTus bonee

800 cpyHT/gronm? (5,5 MlMa).

YcraHoBKa. [1ns1 o6ecneveHns npaBuIibHOIO NCMOb30BaHUA CUCTEMBI
KOMMO3UTHOTO MOKPbITUS HEODOXOAMMbI OnpeaeneHHble HaBbikn. [pu
NPYMEHEHNN CUCTEMbI KOMMO3UTHOrO NokpbITUsA Clock Spring® npouecc
pemoHTa Tpybonposoaa BKIHOYAET crieayoLme Lwarw.

1. BanonHeHue BHeLLHEero ,u,ecbeKTa MaTepmnanom HanonHnTeNA.

2. HaHeceHve BOCbMU BUTKOB KOMMO3UTHOTO MOKPLITUS BOKPYT
TpyGonpoBoaa ¢ HarNoXeHeM Krest Mexay CIosiMu.

3aTspkka KOMMO3UTHOW HakMagky Ha pr6OI'IpOBO,EI,e XOMYTOM.
4. I'IpocyUJKa KNeeBoro CroA B Te4deHne OByX 4acoB.

HaHeceHve nokpbITUS Ha BOCCTAHOBIIEHHbIV Y4acTok Tpybonposoda Ans
npegynpexaeHns NoBpexXaeHnn 0T KOPPO3nM Unu yreTpagrnoneToBoro
n3nyyeHuns (B 3aBUCUMOCTW OT HAa3eMHOro UMM NOA3EMHOTO
pacnonoxeHus Tpybonposoaa).

6. O6patHas 3acbinka TpybonpoBoga (ecnu Heobxoamnmo).

HaHeceHne HanonHUTensi, KNeeBoro Cros Y KOMMO3UTHBLIX CBA3YHOLLMX
obecneynBaeT aPPEKTUBHBIA PEMOHT, HAAEXHOCTb KOTOPOTO, MO OLIEHKaM
nponsBoamuTensi, coxpaHsieTca okoro 50 net. B HEKOTOPbIX CUTyaLmsaX
MOJHBIA MPOEKT OT BEAEHNS 3EMIISIHbIX paboT 40 0bpaTHOW 3achImnKku
TpybonpoBoga MOXET ObITb BbINOMHEH 3a 4 Yaca. bpuraga us aByx
KBanmu1LMPOBaHHbIX CMELNanMCTOB MOXET 3aBEPLUNTb YCTAHOBKY CUCTEMbI
3a 30 MUHYT 6e3 yyeTa BpeMeHM Ha NMPOCYLLIKY.

CyLecTByeT HECKOINbKO BaXHbIX MOMEHTOB, KOTOPbLIE CriedyeT yuuTbiBaTh
npu yctaHoske cuctemMbl Clock Spring®:

* MakcumanbHasa pabovas Temneparypa anis ctaHgaptHon cuctembl Clock
Spring® - 130°F (54°C) npu HanxyagLwmnx BHELLHMX YCITOBUSX NP
0BGBOHEHHOM TPYHTE.

* Temnepatypa rasa B TpybonpoBoge MoxeT gocturate 180°F (82,2°C),
YTO JomnyckaeT NpuMeHeHne 6ornee COBEPLLEHHbIX MOLENEN CUCTEMBI
Clock Spring®.

% [lpn ncnonb3oBaHum cuctemel Clock Spring® Ha HazeMHOM
TpybonpoBoae TpebyeTca HaHeCEHME 3aLLUMTHOIO NMOKPLITUS BBUOY
YYBCTBMTENBbHOCTU MaTepurana K ynstpaduoneToBOMY U3ITyYeHNHO.

* PemoHT no TexHonornn Clock Spring® MoXeT ObITb NPOBEAEH Npu
COXpaHeHWUn AaBneHust B TpybonpoBoae, HO KOMMNaHUU-M3roTOBUTENN
PEKOMEHAYHOT Er0 CHUXKATb. DTO NPUBOAMT K YMEHbBLLEHUIO HArpysku Ha
NMOBPEXAEHHBIA Y4acTOK B NEPUOL, NMPOBEAEHUS PEMOHTHbIX paboT. Mpwu
BOCCTaHOBJIEHUM OABMEHUS U PACLUMPEHMN BOCCTAHABIIMBAEMOTO
yyacTka Harpyska nepefaeTcsi OT MeTansia Ha KOMNO3UTHOE MOKPbITUE,
YTO NPMBOAMT K €€ nepepacnpeaeneHunto.



% [lpu peMoHTHbIX paboTax no TexHonorum Clock Spring® BUTKM NEHTbI
OOIDKHbI BbIXOAUTL 3a Npeernbl yyacTka noBpexaeHnsi ¢ 06emx CToOpoH
He MeHee 4YeM Ha 2 awormMa (5 cM) Ans 3akpeneHnss Ha UCXO4HOM
TpybonpoBoae. [NoatoMy Ans ycTpaHeHust gedekta ofIMHOM 8 AMoB
(20,3 cM) MOXHO MCMoNb30BaTh OAHY HaKIaAKy C MMHENHbIM pa3MepoM
12 gronmos (30,5 cm). [Inst yyacTka NoBpexaeHust NpOTSXKEHHOCThLHO
oonee 8 arorimoB (20,3 cM) HECKONBbKO HAKMagoK N3 KOMMO3UTHOIO
MOKPbITUS KPENATCA Mexay cobon 6ontamm Ons NOKpbITUS BCEN OJTUHbI
y4yacTKka NOBPEXAeHUs C coxpaHeHnem 3a3opa B 0,5 arorma (1,3 cm) npu
cTblikoBOM coeauHeHun. B CLLA nsBecTeH onbIT CTbIKOBOMO COEANHEHUS
oonee 15 Haknagok Clock Spring® gnsa yctpaHeHnsa aedeKkToB Ha
TpybonpoBogax anameTpom ot 16 go 30 arorimos (41 cm o 76 cm) npum
aasnerHnn B H1x 800 - 900 dyHT/aronm? (ot 5,5 oo 6,2 Mrla).

Vlcnonb3oBaHmMe KOMMO3UTHOro MOKPbLITUA, KaK aribTepHaTBbl 3aMeHe
pr60ﬂp0B0ﬂ,a, MMeEeET crefyrumne 3KOHOMUYeCKne U 3Kororm4eckme
BbIroabl.

% VIckntoyeHne 3aTpaT Ha yCTaHOBKY 06BOAHBIX TPYO U BPEMEHHbIX
HUTOK TpyBonpoBoaa, obecneynBatoLLMX HEMPEPbIBHYO Nodadvy rasa B
TeYeHne pemMoHTa.

* OTcyTCTBVIe 3MUCCUN METaAHa B aTMOC(bepy. Vcnonb3oBaHue
KOMMO3UTHOIO MOKPbITUA CHMXaeT U3OEePXKN NPpon3BOACTBa, CBA3aHHbIE C
yTe4KamMn MeTaHa.

% [lpocTas n 6onee GbICTpas ycTaHOBKa 6€3 MCNonb3oBaHWs CneumnansHOro
06opyaoBaHNS U BbICOKOKBaNMMUmMpoBaHHOW paboyen cunbl
(cBapwykoB). B TevyeHne 30 MUHYT OAWH KOMMMAEKT KOMMO3UTHOIO
MOKPbITUS MOXET ObITb yCTaHOBMNEH Bpuragon 13 Osyx cneumansHO
00y4eHHbIX paboumx. Bpems oTBepaeHust COCTaBnseT NpubnmanTensHo 2
Yyaca.

* BO3MOXHOCTb BeleH!sI PEMOHTHBIX PaGoT MpKU MNOSTHOM COXPaHEHWUM
[aBreHusi B TpybonpoBoae. XoTsi NPOU3BOAUTENM PEKOMEHIYHOT CHUXATb
[aBrieHne B TpyGonpoBode Ha BpeMsi PEMOHTHbIX paboT.

MapTHepbl NporpaMMbl MOTYT paccynTaTb 06bemM SKOHOMUM MeTaHa U
nony4yeHve SOMOMNHUTENbHbIX (PUHAHCOBBLIX CPEACTB OT NPUMEHEHMS
KOMMO3UTHOIO MOKPbITUS BMECTO 3aMeHbl TpybonpoBoda Ha OCHOBE
oTpaboTaHHbIX NATU 3TanoB. AHanNM3 3aTpaTt Mo HaHECEHWNIO KOMMO3UTHOIO
MOKPbITUSA, NPUBEAEHHBIN B “3Tane 2”, Takke noneseH npu cpaBHEHUN C
BapyaHTOM PEMOHTA CTarlbHbIX BCTABOK, €CMN OHU LLUMPOKO MPUMEHSIOTCS
BaLLe KOMMNaHen.

OT1an 1: Bbi6op mecTa npuMeHeHUs. OObIYHbIE TEPMETUYHbBIE AEEKTDI,
Takue, kKak BMATUHbI, KaBePHbI 1 06L1as KOppo3nusi, MOTyT YCTPaHATLCS NyTeEM
HaHeCeHUs1 KOMMO3WUTHOTO MOKPbITUSA. [edekTbl, Bbi3blBatOLLME NOTEPIO 4O
80% TONLLMHBI CTEHKM TPYObl, MOXXHO YCTPaHUTb HAHECEHNEM KOMMO3UTHOIO
NOKpPbITUSA. [pun ero NPUMEHEHNN He CYLLIECTBYET OrpaHNYEHNIA Ha BEMUYUHY
AasneHusi. KoMnosnTHoe NoKpbITUE MOXET ObiTb BPEMEHHO MCMOMb30BAHO
AN YyCTPaHEHUs1 KOPPO3UW BHYTPEHHEN NMOBEPXHOCTU. ECnn MCTOYHMK
KOPPO3UM YCTPaHEH, TO PEMOHT MOXHO OTHECTM K KaTeropum
OONTOBPEMEHHbBIX MEep.

Mpy paccMOTPEHUM BO3MOXHOCTU MUCMONb30BaHUSA KOMMO3UTHOTO MOKPbLITUS
BaXXHbIMMW (hakTopamMu ABNAOTCA rMy6uHa 1 AnvMHA UCTOLLEHNS CTEHOK
TpyGonposoada unu aAedopmauusi, YCroBHbIA Npeaen Teky4ecTu, rmybuHa
AedekTa 1 NPOTSXKEHHOCTb, AnaMeTp TpyGonposoaa, TOMLMHA CTEHKA 1
BenuuMHa paboyero aaBrneHust B TpyGonposode. [Ans NpuHATHs



OKOHYaTesIbHOro peLieHnd no

BO3MOXHOCTM MATL 3TanoB No oueHKe LenecoobpasHocTH
BOCCTaHOBJIEHMA y4acTKa peMoOHTa C HaHeCeéHueM KOMNO3UTHOro
Tpy6onposoaa B NOKPLITUS:

COOTBETCTBUU CO

cTaHgapTamu, 1. Bbibop mecTa npuMeHeHus1.

yTBEP>KOEHHbIMMN 2. Pac4yeT CTOMMOCTM peMOHTa C HaHeCeHVeM
AMepUKaHCKNM 0BLLECTBOM KOMMO3UTHOFO NOKPbITHS.

WHXEHEPOB - MEXaHNKOoB 3. OLeHKa COKpaLLEHUst SMUCCUN MeTaHa.

(ASME), nyTem HaHeceHus

KOMMO3UTHOIO MOKPbITUS,

HeO6XO,EI,VIMO nposecTu 5. OueHka 9KOHOMUYECKUX MoKasaTenen.
TLaTeNbHble N3MEPEHNST B

nonesbIx ycnoBusix. Mpu aTom MOXeT BbITb NCMOMNB30BaHO MPOrpaMMHoe
obecneveHne GRIWrap®, kKoTopoe No3BOSIET OLEHUTb BO3MOXHOCTb
NPUMEHEHMS TEXHOIOMMN HaHECEHWUST KOMMO3MUTHOTO MOKPbITUS AN
KOHKPETHBIX YCITOBMIN PEMOHTHbIX paboT. KOMNO3NTHOE NOKPbITUE MOXET
0oKa3aTbCs uaearnbHbIM BApUaHTOM CPOYHOIO YCTPaHEHWS FePMETUYHBIX
OedeKToB, Korga CPOK/M PEMOHTa OrpaHnYeHbl Y HET pe3epBHbIX 3anacoB
rasa Ans nogaepkaHus HenpepbIBHOMO ra3oCHabXeHs.

4. PacyeT CTOMMOCTM 3aMeHbl TpybonpoBsoaa.

Mpu BbISABNEHUN HENPUIOAHOCTU PEMOHTA C HAHECEHMEM KOMMO3UTHOIO
MOKPbITUS 1 onpedeneHMn HeobxoaMMOCTV yaaneHns 1 3ameHbl Tpyo
napTHepam crefyet pacCMOTPETb ApyrMe TEXHONOMM1, pekoMeHayemble
nporpammoni Natural Gas STAR, 4ToObI COKpaTUTL SMUCCUIO METaHa U3
yyacTtka TpybonpoBoaa, HaxoasiLLerocs B CTagum peMoHTa. JononHuTensHo
3TOT BOMPOC PAcCMOTPEH B oTyeTe "[IpuMeHeHUe mexHOIoauuU rnpoKayku
mpyboripogoda drisi cbpoca daerneHusi 2a3a 0o rposedeHust
mexobcnyxusaHus" cepum “OnbIT IpUMEHeHns”.

Oran 2: PacyeT cTOMMOCTM PEMOHTa C HAHECEHUEM KOMMO3UTHOro
NOKPbITUA. CTOMMOCTb PEMOHTA C HAHECEHNEM KOMMO3UTHOIO MOKPbITUS B
Gornbluen cTeNeHN 3aBUCKT OT pa3MepoB AedekTa 1 AuaMeTpa
TpybonpoBoaa. VicxoaHble 3aTpaThl HA NPUMEHEHME TEXHOMOMMN
KOMMO3MTHOIO MOKPbITUSI BKITKOYAIOT CTOMMOCTb TpyAo3aTpat, 00opyaoBaHus
1 MaTepuranoB, a Takke KOCBEHHbIE 3aTpaTbl Ha MOyYeHNe pa3peLLeHns n
MHCNeKTUpoBaHue. Mo MHEHMI0 NOCTaBLUMKOB, MPUHSBLUMX y4acTue B
[JaHHOM vccrnenoBaHum, Gpuraga us Apyx YernoBek crnocobHa ycTaHOBUTL
OfHYy cucTemy koMno3mTHoro nokpbitua Clock Spring® 3a 0,5 vaca.
MpyMepHBI pacyeT J0MNyCcKaeT, YTO NPU HAHECEHUW KOMMO3UTHOIO MOKPbITUS
Ha KaXxgoro yernoBeka npuxoauTcs 2,5 yaca 3atpat BpeMeHn (0,5 yaca Ha
YCT@HOBKY 1 2 Yaca Ha oTBepaeHue). [na 6onee To4HOro pacyeta
NPOAOIMKUTENBHOCTN PEMOHTA CreayeT BKIoYaTh BPEMS Ha 3EMISIHbIE
paboTbl, yCTAHOBKY KOMMO3UTHOTO MOKPbITUS!, OTBEPAEHUNE KIES, OCYLLKY
nsonsauum 1 obpatHyto 3acbinky Tpybonposoga. 1o gaHHbIM 0gHOro 13
NapTHEPOB, Ha LMK OT NPOBeAeHUs 3eMMsiHbIX paboT 4o 06paTHOM 3acbInku
TpybonpoBoaa npu HaHeCeHUM 4 KOMMO3UTHBIX MOKPLITUIA UM ObiNo
3aTpayveHo 16 yaco. OueHKa Takke A0ImKHa BKITHYaTh NpsiMble 3aTpaThl Ha
pacxofHble PEMOHTHbIE MaTepuarbl (HanpuMep, KOMMMEKT KOMMO3UTHOTO
MOKPbITUS 1 U30MALKMS) Y KOCBEHHbIE Pacxofbl, NpeanonaratoLLme
WHCMNEKTUPOBAHWNE U MOMyYeHVEe paspeLLEHMsI.

KomnnekTt komnosutHoro nokpbitusa Clock Spring® cogepxut 6onbLuoe
KONMMYEeCTBO NPegMETOB A1 BEAEHNS PEMOHTHbIX paboT, BKMOYas MEHTY,
Knew, HamnorHUTENb, NOKPACOYHbI Banuk U KUCTU. CTOMMOCTb KOMMIeKTa
Ans peMoHTa Tpy6onpoBoaa MoxeT cocTaensATe $432 ansa TpyGonpoeoaa
AvameTpom 4 atoiima (10 cm) 1 noutn $2 000 ans TpyGonposoaa
avameTtpoMm 56 grorimoB (142 cm). CnegyeT nprvobpecTv 1 4ONOMHUTENBHOE
obopygoBaHue, BKIKYaoLLEee HaXKMMHOM Opycok, cKoBy 1 Josatop



HaMOTOYHoro 6apabaHa. To 06opyaoBaHME MOXHO MUCMONb30BaTb
HECKOSIbKO pa3, M MO3TOMY 3aTpaThbl Ha ero NpMobpeTeHVe BKITOYAOTCS Ha
BECb Nepuvog aKkcnnyatauun. JononHuTensHas nHgopmauusi no
KOMMEKTaUmMM KOMMNO3UTHbIX NOKPbITUIA NpuBeaeHa B MpunoxeHun.

Cuctembl opyrnx npoussoauTenet UMeoT UHYK KoMMnektauuo. B aaHHon
cTaTbe He CPaBHMBAKOTCS SKOHOMUYECKME NoKasaTenu BCex JOCTYMHbIX
CUCTEM KOMMO3UTHOIO MOKPbITUSA, HO OTMETUM, YTO AaHHbIA PbIHOK BECbMa
KOHKypeHTocnocobeH. MNprBogumbIn Janee SKOHOMUYECKUA aHanm3
BKITHOYAET LIeHOBYI0 UH(popmauuto, npeaoctasneHHyto Clock Spring®.
[MapTHepbl MOryT HANTU CaMOCTOATENBHO CUCTEMY KOMMO3UTHOIO MOKPbITUS,
Gornee NOSHO yOO0BNETBOPSAIOLLYHO TpebOoBaHMEM KOMMAHWUM, UCMOSb3YS
METOAMKY, NpeAcTaBneHHyto B pasgerne "OnbIT npyuMeHeHus", 1 NpoBecTu
COOCTBEHHbIVI SKOHOMUYECKMIA aHanms.

Ha puc. 1 npuBegeHbl 06LLEeNpUHATLIE U3AEPXKKIU MO TpyAo3aTpaTam u
o6opyaoBaHuto, UCMoMNb3yeMble NpY pacyeTe CTOMMOCTM PEMOHTA C
HaHeCeHMeM KOMMO3WUTHOIO MOKPLITUS. PasoBble 3aTpaThl Ha 00yyeHve
nepcoHana v npuobpeteHne o6opyaoBaHNs MHOFOPA30BOrO UCMONb30BaHNS
UCKITHOYEHBI, T.K. MPeanonaraeTcsi, YTo OHU PaBHbI UMM HUXKE SKBUBATIEHTHOM
CTOMMOCTU VX MPUMEHEHNS MO MPOEKTY 3aMeHbl TpybonpoBoda.

3ameTnMm, 4YTO CTOMMOCTb Tpyaos3aTpart He ABNAeTCA OLMHaKOBOW ANs BCEX
BMOOB peMOHTa C HaHeCeHNEM KOMMO3UTHOIO NOKPbITUA, MO3TOMY
pexkomMeHayeTcA npeasaputeribHada KOHCyrbrauua ¢ KOoMnaHunemn-
n3rotoeuTerieM asid OKOH4YaTeENbHOro pac4yeta CTOMMOCTU PEMOHTA.



Puc. 1: PacyeT cTOMMOCTM YCTaHOBKU KOMMO3UTHOIO NOKPbLITUA

[aHo: PeMOHT repmeTyHOro aedhekta npoTsiKeHHOCTbIO 6 ArMOoB Ha Tpybonposoze
avameTpom 24 aronma (61 cm), paboTtatoLero npu gaeneHun 350 dyHT/aronm? (2,4 MIMa);
rpegnoraraeMoe BpeMsi 3aBepLUeHUs NpoekTa 16 YacoB' npu UCMONb30BaHUM YKka3aHHbIX
KaTeropuii Tpygosarpar?. [onycTuMble 3aTpathl HA MHXEHEPHO-TEXHUYECKOE PYKOBOACTBO
1 NNaHMpoBaHue cocTaBnsAoT 25 % OT CTOMMOCTY TpyAo3aTpaT Ha yyacTke.

Cpas. = CroumocTb Tpyaosatpar
lNouacosasi cmaska pabo4yux Ha y4acmke
MexaHuk = $34/uac
TpybonpoBoa4uk = $31/Mac
MoacoGHbii paBoumii = $21/uac

Cobopyn. = CTOMMOCTL 060pyAOBaHMS
Cmoumocmb omderibHo20 0b6opydosaHusi
KoMnnekT KOMNO3MTHOrO MOKPLITUSA = $878 3a 1 koMnnekT
KaHaBokonarenb ¢ obpaTHol nonarom = $36/4ac
O6opynoBaHWe NeCKOCTPYHOM 06paboTkM = $10/Mac
MokpbiTvie TpyGonpoBoaa (5 % KOMMO3UTHbIN kommnekT) = $44

Cyocs. = KocBeHHbIe nagepxku, BKItoHatoLLme paboTy MHCMEKLMOHHOM Gpuraabl
Ha yJacTtke, nornyyeHne paspeLueHunst 1 T.4. (ICXOAS U3 TOro, YTO OHU
coctaenstoT 50 % OT NofHoWM cToMmMocTn 0bopyaoBaHUSA U TpyAo3aTpar®)

(1)  Pacuer Tpygosatpar

CTpp,s. = CToMmocCTb VHXEHEPHO-TEXHNYECKOro pykoBOACTBA + Tpyao3aTparbl Ha

yyacTke

Tpynosatpathbl Ha y4acTke = no4YacoBasi CTaBka * Heobxoavmoe Bpemst Ansi
3aBepLUeHns paboT

= ($34 + $31 + $21) *16

=$1376
CTOMMOCTb UHXXEHEPHO-TEXHMYeCcKoro pykoBoacTea = 0,25 * $1 376 = $344
Crons. = $344+$1 376 = $1 720

(2) Pacuet ctoumocTu o60pyaoBaHus

Cobopyn. = CTOMMOCTL PacXofiHbIX MATEpHasos (KOMMIEKT KOMMO3UTHOTO MOKPLITUS
1 M30Mnsumst) + CTOMMOCTb apeHbl/MCronb30BaHNa 00opyaoBaHNs Ha
MecTe

= $878 + $44 + ($36 *16) + ($10 *16)
=$1658

(3) Pacuet KOCBEHHbIX 3aTpaT

Cioc. = CTOMMOCTL paspeLLeHn s, MHCMIEKTUPOBAaHWS, 3aTpaThkl Ha Tpaccy
Tpy6onposoaa

= 0,5* (Cypp, *+ Cobopya) = 0,5 * ($1 720 + $1 658)
= $1 689

(4) Pacuet o6Luen CTOMMOCTb PeMOHTa
O6wwas croumocTb peMoHTa = Crpna + Cogopyn. + Coc.
=$1720 + $1 658 + $1 689
= $5 067

" IHdbopmauus, npenoctaeneHHasi napTHEPOM.

2 Quick, P."Economics of Pipeline Repair," The Southern Gas Association Transmission
Operating Conference, New Orleans, LA, July 2001.

® MpuBeneHa nHdopmaumsa 13 ctatbn Boreman, David.J.et.al."Repair Technologies for Gas
Transmission Pipelines," Pipeline and Gas Journal, March 2000.




Ot1an 3. OueHKa cokpaleHNs AIMUCCUN MeTaHa. PEMOHT ¢
NCMOMNb30BaHNEM KOMMO3WUTHOMO MOKPbLITUS HE MPUMEHSIETCSA ONsl YCTPaHeHWs
OENCTBYIOLLMX yTedek MeTaHa. KonmyecTBo COXpaHeHHOoro rasa
COOTBETCTBYET 0O6BbEMY rasa, KOTopbii MOT ObITb BbIMyLLEH U3 TpyOOonpoBoaa
npu ero 3ameHe. TexXHONMOrMsi peMOHTa C 3amMmeHow Tpybonposoga Tpebyet
MepeKpbITUS ra3oCHabXeHVs 1 N30MALMM NOBPEXOEHHOIO yyacTka C
NPUMEHEHMEM 3anopHbIX BEHTUNEN. VIHTepBan pasMeLLeHns 3anopHbIX
BEHTUNEN npegycmMaTpmBaeTcs ctaHgaptamym MuHucTepcTea TpaHcnopTa
CLUA (DOT) n moxet coctaenaAtb Ao 10 munb (16 kM). MeTaH 13onmpyemoro
y4yacTka TpybonpoBoga 06bI4HO BbiMyCcKaeTcsi B aTMocdepy.

Ha puc. 2 npeacraeneH BO3MOXHbI 0GbeM COXpaHeHUs rasa npu
UCMNONb30BaHMM KOMMO3UTHOMO MOKPLITUS NMPKU OTKa3e OT 3aMeHb!
TpyGonpoBoaa, KOTOPbIi MOXHO paccyuTaTb C MOMOLLbIO MPOCTON (hopMyIbl,
yunTbiBaloLLEV AaBneHne B TpybonpoBoae, ANIMHY M30NMPYEMOro yYacTka 1
nrowaab NornepevyHoro ceveHusl.

Puc 2: Pacyet 3kOHOMUM MeTaHa NpPU PeMOHTE C HaHeceHnemM
KOMMNO3UTHOIo NOKPbITUA

[aHo: KomnaHusi NpoBOANUT PEMOHT C HAHECEHWEM KOMMO3WUTHOTO MOKPbITUSI Ha
Tpy6onposoa Anametpom 24 arorima (61 cm) npu gaeneHun B Hem 350 cpyHT/arorim?
(2,4 MIMa) n paccTosHWUM Mexay 3anopHeiMu BeHTUNaMn 10 munb (16 km).

D = BHyTpeHHWI anameTp Tpy6onposoaa, AHMbI
L = PaccTtosHne mexay 3anopHbiM1 BEHTUNSMU Ha Tpybonposoae, dyT.
P = [laeneHvie B TpybonpoBoze, psia 4ns HU3KOro AaeneHus' (psig Ans BbICOKOTO

[aBreHns)
Pueran = TekyLlas pbiHOYHas LeHa meTaHa $3/Tbic. dyT?* ($106/ Thic. M°)
Viyeran = O6bem ammcenn metaHa

(1) PacueT o6ema aMmmccum MmetaHa

OKOHOMVSi MeTaHa Mpy UCTOMNb30BaHMM KOMMO3UTHOTO MOKPBITUSA = UCKITKOYEHHast SMUCCHS
MeTaHa Npu oTkase OT 3ameHbl TpyGonpoBoaa

Vyeran = 0OGbEM 3KOHOMUM METaHa B pesyristare HaHeCEHVIst KOMMO3UTHOTO NMOKPbITUS Ha
TpyBonpoBoa nog pabodnm AasrneHrem

* * L *
(Dz P (1 OOOJ 0,372)

1000

+ o+ (52800,
(242 350 (1 oooJ 0,372J

1000

V

MeTaH —

=3 690 TbIC. dyT.?

(2) PacuyeT cTOMMOCTU CIKOHOMIIEHHOIO MeTaHa
CTOMMOCTb MeTaHa, C3KOHOMITEHHOTO MPU HAHECEHUM KOMMO3UTHOTO MOKPbITUS

- *
- VMeTaH PMeTaH

= (3 960 Tbic. cbyT.?)* $3/Tbic. hyT.? ($106/ ThIC. M)
= $11 880

WcTounuk: Pipeline Rules of Thumb Handbook, 5th Edition, 2002.

' [laBnenwue B Tpybonposoae meHee 50 cpyHT/aronm? (0,3 MINa) cuntaercst HU3KMM.
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OT1an 4. PacyeTt cToMmMocTu 3aMeHbl TpybonpoBoga. 3atpatbl Ha 3aMeHy
TpybonpoBoaa MoryT 6bITb OTHECEHBI K TPEM KaTEropusimM:

* [lpouenypa o4NCTKMN.
* CroumocTb 06opyaoBaHna 1 TpyaosaTparbl.

% [JononHuTenbHbIE KOCBEHHbIE N30EPXKU, CBA3AHHbIE C 3aMeHon
pr60ﬂpOBOﬂa, TakKne Kak CTOMMOCTb OMNnoBeLLEHUA NMPpU OTKITKOYEHUN
rasocHabxeHus, BCTpe‘-leIIZ 3anyck BCrnomoratesibHbIX CUCTEM 3aKa34vMKa,
MHCMNEKUMNOHHbIE YCITyTn U nony4eHne paspeLlueHns.

Mocne 3ameHbl TpybonNpoBoaa, CyLlecTByeT HEOOXOAMMOCTb NMPOAYBKN
BOCCTaHOBJIEHHOIO y4acTka nepes ero NnoaktoYeHnemM B CUCTEMY, YTO
06ycnaan|BaeT HeO6XOLI,I/IMOCTb MOKYMKN MHEPTHbIX ra3oB, TakMX Kak a3oT.
Ha pwvc. 3 npvBegeHa oueHka 3aTpaT Ha LMK NPpOoayBKW, NOMyYeHHas nyTem
YMHOXeHUs1 o6beMa rasa, Tpebyemoro ansi NPoAayBKW, Ha ero CTOMMOCTb.

Puc. 3: Pacuet 3aTpaTt Ha npoayBKy npu 3ameHe Tpy6onpoBoaa

DaHo: MNpeanonoxum, 4to Tpybonposog avametpom 24 frorima (61 cm) pabortaet npu
nasneHnn 350 psig (2,4 MIa) 1 3anopHble BEHTUNM pa3MeLLeHbl Ha pacctosHum 10 mynb
(16 k™) gpyr ot gpyra.

D = BHyTpeHHuIn guameTp Tpybonposoaa

L = PaccrosHne mexay 3anopHbiMy KnanaHamu Ha Tpyb6onposoae
Vyy = O6bem yuacTka Tpybonposoaa

P45 = TekyLiaa pbiHO4YHas LieHa NpoayBOYHOIO rasa

Va3 = O6bem npodyBoYHoro rasa

(1) PacyeT o6bema npoayBOYHOro rasa
Va3 = O6beM npogyBo4HOrO rasa’, ncnomnb3yembiii Mpy LmKIe 3amMeHbl Tpybonposoaa
= Vyy * 1,2 (BOCCTaHOBMEHME NiHIKM TpyBonposoaa + 20% notepb)

B0 ¢l v M PP
~ |47 1a4¥1000)

_ (3,14 *24**52 800 *12
“| 4*144*1000 ’

=199 TbIC. yT.? (5635,05 M°)

(2) PacueT cToMmocTn NpoAyBOYHOrO rasa

CToMmocCTb NPoAyBOYHOrO rasa = Vras *Pras
=199 Thic. cpyT.? (5635,05 M°) * $4/ Thic. yT.® (141/TbIC. M)
= $7 961

" Ucxoms U3 TOro, YTo B Ka4YECTBE MHEPTHOTO rasa B3AT a3oT Mo ueHe $4/Tbic. dyT.®
($141/1B1C. M°).




Ha puc. 4 nokasaH pacyeTt TpyaosaTtpar ¥ CTOMMOCTY 0GopyaoBaHus no
MPOoeKTy 3aMeHbl TpyGonposoda. B Lenom sarpatsl Mo NPoeKTy 3ameHbl
Tpy6onposoda 06bIYHO Bbille, YeM MO MPOEKTY PEMOHTA C HaHECEeHUEM
KOMTMO3UTHOTO MOKPbLITUS.

Puc. 4: PacueTt Tpygo3atpart, CTOMMOCTA O6OpyAOBaHUA U
KOCBEHHbIX U34epXeK No NPOeKTy 3aMeHbl Tpyb6onpoBoaa

OaHo: KomnaHusi-Bnagenew, Tpy6onpoBoaa obHapyxuna repMeTuyHbIi Aedext
NPOTSPKEHHOCTLIO 6 AtonMoB (15,2 cm) Ha Tpybonposoae anameTpoMm 24 atonma (61 cm),
pabortatoLLero npu gaeneHun 350 psig (2,4 MIMa). PacctosiHve mexay 3anopHbIMu
BeHTMNAMK coctasnseT 10 munb (16 kv). 3ameHa yyacTka Tpybonposoaa AnMHON 72
aronma (183 cm)'.

Mpennonaraetcs, 4To 06bem paboT paccunTaH Ha 40 YacoB? Npy CEAYIOLLMX KaTeropusix
TpygosaTpar, knacce obopyAoBaHMs U CTaBkax NMo4acoBow onnartbl Tpyaa’.
MpennonaraeTcs Takke, YTO 3aTpaTthl HA MHXEHEPHO-TEXHNYECKOe PYKOBOACTBO U
nraHMpoBaHne cocTaenstoT 25 % oT obbema Tpyao3aTpaT Ha yvacTke.

lMouacosasi cmaska ornnamel 1o Kaxxoou kamezopuu mpydo3ampam

CeapLumk = $35/uac.
Orniepatop = $34/vac.
TpybonpoBoa4mnK = $31/4ac.
MoncoGHbIi patounii = $21/uac.

Cmoumocmb 0bopydosaHusi

MoobeMmHbIN KpaH / cTpena = $36/Mac.
CBapo4YHOe YCTPONCTBO = $20/4ac.
KaHaBokonarternb ¢ obpatHoli nonaroin = $36/4ac.
CranbHas Tpy6a* = $50/cyT. (0,3 m)
MokpbITHe® =$303

(1) PacueT Tpyao3arpar

CTonmocTb Tpyaosatpar Ha ydactke = ($35 + $34 + $31 + $21)/uac * 40 yac = $4 840
CTOMMOCTb 3aTpaTt Ha UHXEeHepHO-TexHUYeckoe pykoBoacTeo = 0,25 * $4 840 = $1 210
O6as croumocTb Tpyaosarpar Crp,, = $4 840 + $1 210 = $6 050

(2) PacueT cTtoumocTn o6opyaoBaHUA

MonHasi cToumocTs 06opyaoBanms Cogopyn.

= ($36 + $20 + $36)/uac*40 + $50/ cyT. (0,3 meTp)* 6 doyToB (1,82 meTpoB) + $303
=$4283

(3) PacueT KOCBEHHbIX U3AepPXKeK
KocBeHHble 13aepxkn = CTOMMOCTb paspeLLEeHUst, MHCTEKUMOHHBIE YCryr, 3aTpaTbl Ha
Tpaccy TpybonpoBoaa®.
Cyoc. = (Mpeanonaratot 40 % ot obLeit cToumocTy 060pyA0BaHMS 1 Tpyao3aTpar)
=04~ (CTp,El3. + CoGopyp,.)
=$4133

(4) PacueT nonHom cToMMocTH
MonHas ctoumocTb = Crpna + Cogopyn, + Croc,
=$14 466

' 3ameHa yvacTka ASIMHOW, He MeHee YeM B TpW pasa npesbillatollei AnameTp Tpybonposoaa.
WHdopmaums npegocTaeneHa naptHepamu.

2 Bpemsi, HeobxoaumMoe Ha 3ameHy TpybonpoBoaa, HaunHas ¢ 3eMIsiHbIX paboT [0 06paTHON 3ackInku
Tpybonposoaa. MHdopmauus npegoctaBneHa naptHepoM. MpuHata 1 paboyas Hepens (5 aHen, 8
Yacos/aeHb). CBepxypo4HOe BPeMsi UCKIOYEHO.

3 Quick, P. "Economics of Pipeline Repair", Conference "The Southern Gas Association Transmission
Operating Conference", New Orleans, LA, July 2001.

* MpuHsaTo $50/cbyT. ($164/m). MHdbopMaLums npeaocTaBneHa napTHEPOM.

® Ha ocHoBe nHdopmaumm 13 xxypHana "Oil and Gas Journal", "Composite Wrap Approved for U.S. Gas-
Pipeline Repairs", October 9, 1995. Mcnonb3oBaHa CTOMMOCTb B TpY pa3a NpeBbiLLatoLLast Ty, YTo
yKa3aHa Ans pa3pesHon BCTaBku ¢ pa3mepoM 2 cyta (0,6 m)

¢ B3sTo n3 cratby Boreman, David. J. et. al. "Repair Technologies for Gas Transmission Pipelines,"
»ypHan "Pipeline and Gas Journal", March 2000.
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Or1an 5: OueHKa 3KOHOMUYECKUX NMokKa3saTenen. Ha puc. 5 npuBegeHo
CpaBHEHWe 3aTpaT Mo BapnaHTaM 3aMeHbl y4acTka NoBpPeXAEeHHOro
TpybonpoBoaa 1 ycTpaHeHust fedekTa C MOMOLLIbI HaHECEHMS
KOMMO3UTHOIO MOKPbITUSI.

B kaxxgom m3 crnyyaeB aedekT Obin obHapyxeH Ha Tpybonposoae
avameTpoMm 24 arorima, pabotatoem npu aaenennn 350 psig (2,4 MIMa).
EQuHCTBEHHOE OTNMYMe 3aknodanoch B pa3mMepe aedekta; B NepBoM
cnyyvae pasmep gedekta coctasnsan 6 atonmos (15 cm), a BO BTOPOM -

24 nronma (61 cm). OaHHble aBa npumepa BbibpaHbl BBUAY TOrO, YTO MEPBbLIN
KOpOTKMI aedekT TpybonpoBoaa npeacTaBnseT cobor Hanbonee TUNUYHYHO
CUTYyaLMIo AN NPOBEAEHNS PeMOHTa, a BTOPOW, Npu NPOTSPKEHHOM AedoekTe
yyacTtka TpybonpoBoaa, paccMaTpuBaeTCs Kak CLieHapuiA, Korda CTOMMOCTb
pPEMOHTa C HAHECEHNEM KOMMO3UTHOTO NOKPLITUS Bbille CTOUMOCTU 3aMeHbI
Tpybonposoaa.

[ns pemoHTa, Kak B NepBOM, Tak 1 BO BTOPOM Cry4ae, HeOBXoAMMOo
npoBeAeHne 3eMrsiHbIX paboT Mo BbIEMKe rpyHTa 1 0BpaTHOM 3achkinke
TpybonpoBoga. B uensx ynpoLieHns cpaBHUTENBHOMO aHann3a CTOMMOCTb
Nogo6HbIX OBLLENPUHATLIX ASNCTBUM NPUHATA paBHOW Anst 06omx criyyaes v
MCKIOYeHa 13 pacyerta.

Ocrartok n3gepxek no marepuarnam un Tpygosarparam ndansmayaneH and
KaXXgoro cry4dad pemMoHTa. Ha pwuc. 5 npmBegeH nepeyvyeHb OCHOBHbIX 3aTpaTt
no KaxXgomy Buay peMoHTa. MoabemHbIn KpaH nnu rpy3oBuk co CTpeﬂOVI
HeobXoaMMbl TOMNbKO npu 3aMeHe pr6OI'IpOBO,D,a 1 3aTpaTbl HA HUX
BK/OMEHbI B OCHOBHOW aHarnua.

Mocne BbipaBHUBAHMSA 1 NPYBapUBaHMS 3aMEHEHHOTO y4YacTka
TpybonpoBoaa K UCMbITaHNIO HAAEXKHOCTU CBaPHbIX LLUBOB MPUCTYNatoT Yepes
24 yaca. AHanus, NpuBeAEHHbIN Ha pyc. 5, Npeanonaraert, YTo TeCTMpoBaHue
3aBepLIaeTcs B YCTAHOBMEHHbIV CPOK.

[aHHbIN aHann3 4EMOHCTPUPYET, YTO PEMOHT C HAHECEHNEM KOMMO3UTHOTO
MOKPbITUSA MPUBOAMUT K CYLLECTBEHHOWN 9KOHOMMM MEeTaHa, asoTa U
Tpygo3atpar. CTOMMOCTb KOMMEKTa KOMMO3UTHOIO MOKPbITUS HU3Kas No
nepBOMY CLiIEHapWIo, Tak Kak ans gedekra paamepom 6 aronmos (15 cm)
TpebyeTcs TOMNbKO OAMH PEMOHTHbIN KoMNnekT. [Npu gedekte,
npesbiwaroLemM 6 gionmoB (15 cM), TONbKO 0gHa 9KOHOMUSI MEeTaHa
MOKPbIBAET CTOMMOCTb PEMOHTA C HAHECEHNEM KOMMO3UTHOTO MOKPLITUS U
obecneyvBaeT HeMELNEHHbIV NEPUOA OKYNaeMoCTU.



Puc. 5: CpaBHeHMe 3KOHOMUYECKUX NoKasaTernen 3amMeHbl
TpybonpoBoaa n HaHeCEeHUs! KOMMO3UTHOIO NOKPbLITUS

[aHo: Tpy6onposog avametpom 24 froiMoB (61 cm), paboTatoLumin Npu AaBneHun B
350 psig' (2,4 MIMa) ¢ pa3veLLeHnem 3anopHbIX BeHTuren Ha pacctosHum 10 munb (16 km)

Opyr ot gpyra.
OecbekT 6 arorimoB (15 cm) | dedekT 234 gronma (5,9 m)
PeMOHT C 3ameHa PeMoOHT C 3ameHa
HaHeceHWeM | Tpybonpo- | HAaHeceHueM | TpyGonpo-
KOMIMO3UTHO- BoAa KOMMO3UTHO- Boda
ro NoKpbITUA ro NoKpbITUA
[Moteps meTaHa 0 3960 0 3960
[MpogyBOYHBIV ras,
10, thyr® () 0 199 (5635,05) 0 199 (5635,05)
KonnyecTtBo KOMMNIEKTOB 1 0 20° 0
KOMMNO3UTHOIO MNMOKPbITUA
CTonmMOoCTb ammccum
weTaHa’ $0 $11 880 $0 $11 880
CroumocTb
npoayBO4HOro raza* $0 $796 $0 $796
Pa6oyas cuna® $1720 $4 350 $3 440 $6 525
Obopynosatue 1 $922 $2 843 $18 440 $7 280
Marepuvans
KocBeHHble pacxogpl $1 321 $2 877 $10 940 $5 522
Obuian croumocte $3 963 $22 746 $32 820 $32 003
pemMoHTa
Haunbonee X X
OKOHOMUYHbIE BapvaHTbI

" OKBMBANEHTHO CHYPKEHWIO AABMEHUs, MNPy KOTOPOM ByAeT HAaHECEHO KOMMO3UTHOE MOKPbITUE.

2 OCHOBaHO Ha KOMNMYeCTBE PacnonOXeHHbIX PALOM BUTKOB KOMMO3UTHOTO MOKPLITUSA 3a BLIYETOM 2
OorMoB (5 ¢M) ANUHBI, HEOBXOAUMON C KaXA0N OKOHEYHOWM CTOPOHbI NEPBOW 1 MOCTEAHEN HaKNaaKu
ONs KpenneHnst KOMNO3WUTHOTO MOKPLITUS HA MCXOAHOM TpyGonposoae.

* Mpu ueHe meTaHa $3 dyT.? ($106/ Tbic. M?).

* Mpu ueHe asota $4/Tbic. dyT.? ($141/TbIC. M°).

® BameHa Tpybonposoga: npegnonaraet 40 yacoB paboTbl (6e3 CBEPXyPO4HOro BpEMEHM) Ans
3aBepLUeHVst NpoekTa npu Aedekte 6 atonmos (15 cm); 60 Yacos (6e3 cBepXypo4HOro BpeMeHM) - Anst
npoekTa npu gedekre NPoTHKEHHOCTLI0 24 Atorima (61 cm). PEMOHT ¢ HaHeceHem KOMMO3UTHOTO
NOKpbITUSA Npeanonaraet 16 yacos paboTkl Ans peanusauum npoekTta npy Aedpexre 6 aroimos (15 cm)
1 32 vaca - ans npoekTa npu gedekte 234 aronma (5,9 m). CtaBkv onnatsl Tpyaa NnpuBeaeHs! Ha puc. 1
n 4. Tpynosatparbl Npy 3aMmeHe Tpy6ONpoBoAa UCKIKOYAIOT TPY/, ONepaTopoB, Tak kak npeanoraranocs,
4YTO UX OCHOBHasi POrib CBA3aHa C NPOBEAEHNEM 3eMITsIHbIX paboT 1 paboT no obpaTHoi 3ackinke
Tpybonposoaa.

Hukakvx nogo6HbIX KOPPEKTUPOBOK HE CYLLECTBYET AS1S KaTeropuii Tpyao3aTpar npy peMOHTE ¢
HaHeceHeM KOMMO3UTHOTO MOKPbITUS.

¢ VckntoveHa CTOMMOCTb kaHaBoKonaTens ¢ obpaTHOW nonaTol 1 06opyaoBaHWs NECKOCTPYINHON
06paboTku, NpeacTaeneHHas Ha puc.1 n 4. Ana nedexta 234 groinma (5,9 M) npegnonaraetcs 3amMmeHa
yyacTka TpybonpoBoga npoTskeHHocTbo 39 dyToB (11,8 M) (aBoWHas AnvHa aedekTa).

Mpwn ycTpaHeHun gedpekTta NpoTskeHHOCTbIo 234 atonma (5,9 m) 20
KOMMEKTOB KOMMO3UTHOTO MOKPLITUS HAHOCATCS BCThIK M CTOUMOCTb
obopynoBaHusi Bo3pacTaeT npubnuautensHo B 20 pa3 No CpaBHEHMIO CO
crnyyaeM yCTpaHeHMs1 KOPOTKOro AedekTa, B TO BPEMS KaK Npu 3ameHe
TpybonpoBoaa oHa yBenuuneaetcs B 2,5 pasa. CTOMMOCTb CIKOHOMJIEHHOO
MeTaHa u 6onee HU3KuMe Tpyao3aTpaTbl NPU HAHECEHUW KOMMO3UTHOIO
MOKPbITVS MOKPbLIBAKOT BbICOKME MaTepuarbHble 3aTpaTtbl, NpU 3TOM
CTOMMOCTU 060OMX TUMOB PEMOHTHBIX PaboT CTAHOBSATCS COMOCTaBUMbIMU.

Ba)xHO 3aMeTUTb, 4TO B HEKOTOPbIX Cry4asix (TO eCTb NMPU HEKOTOPbIX
NPOTSKEHHBIX AedbekTax) 3ameHa TpybonpoBoga 6onee peHTabenbHa,
HeCMOTpsi Ha NoTepu rasa us-3a ytedek. OgHaKo HEKOTOpbIE NapTHEPHI
nporpammbl Natural Gas STAR npu AaHHbIX 06CTOATENLCTBAX
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NpeanoYnTaloT UCMOMNb30BaTh KOMMO3UTHYH HAMOTKY, HEXENW 3aMeHy
TpybonpoBoaa, He y4mTbiBas TOT PakT, YTO CTOMMOCTb HE SBMSAETCS
€OMHCTBEHHbIM (DaKTOPOM, BIUSIIOLLIMM Ha BbIOOP TEXHOMOMMN PEMOHTA.
[MpvBeOEHHbIN HXKE KOHKPETHbIN Criyvan Mo BbIMNOSTHEHUIO pEMOHTA
napTHepom nporpammbl Natural Gas STAR noka3sbiBaeT, kak CpOYHOCTb
PEMOHTA, Hannyne pe3epBHOro ra3oCHabXeHUs1 U CKOPOCTb BbIMOSTHEHNS
PEMOHTA BIUSOT Ha NMPUHSTUE OKOHYATENBHOMO PELLEHUSI.

OnbIT napTHepa no NnpuMeHeHU KOMNO3UTHOIro NOKpPbITUA

OpuH n3 naptHepoB nporpammbl Natural Gas STAR coobLimn o 3aBepLueHumn
6onee 300 peMOHTOB C HAHECEHNEM KOMMO3UTHOTO MOKPLITUS Ha repMeTUYHbIE
nedekTbl NpoTshxeHHocTbio 6onee 10 atonmos (25,4 cm) Ha Tpybonposoae
HaunHasa ¢ 1995 roga. B ogHOM crnyyae napTHepy NpuLLOCh PEMOHTMPOBATb
nedekt npotskeHHocTblo 20 atoriMoB (51 cM), coeanHsAs BCTbIK ABE CEKLUn
KOMMO3WUTHOIO MOKPLITUSA. Tak Kak NOBPEXAEHHbI y4acTok Tpybonposoga
Haxogurca Bonuam pyybsi, BCKpbIBaTb TpybonpoBoa Obino Henb3s (ecnum Obl
npegnonaranacb 3aMeHa y4acTtka TpybonpoBofa) Ans UCKI0YEHN nonagaHus
BOAbl B TPy6ONPOBOA 1 NpeaynpexaeHusi BCexX COMyTCTBYHOLLMX OCNOXHEHUN. [1Boe
pabounx, npolieamnx obyyeHmne, 3a YeTbIpe Yaca YCTaHOBUM KOMMO3UTHOE
MOKPbLITUE U NpoBenu obpaTHyto 3ackinky Tpybonposoaa. MonHbIf LK peMoHTa oT
3eMMsHbIX paboT [0 o6paTHOM 3ackinku TpybonpoBoaa Obin 3aBepLUeH 3a ABa AHS,
npu 3ToM ra3ocHabXeHre HU pa3y He NpepbiBanoch.

[ina aToro napTHepa CTOMMOCTb 3a4acTyto Obifia BTOPUYHBLIM apryMeHTOM Mnpu
BblIGOpE PEMOHTA C HAaHECEHNEM KOMMO3UTHOTO MOKPbITUSI, @ HE 3aMeHbI
NoBpeXAeHHoro yyacTtka. [py 3TOM UCXOAHbIE KPUTEPUM BKITHOYANU creayoLlee.

* MoxHo nv npoBoanTbL PEMOHT 6e3 BbiBoAa TpybonpoBoaa 13 akcnyatauum?
OTO AENCTBUTENBHO akTyarlbHO TaM, r4e HET Pe3epBHOIO UCTOYHMKA
rasocHabxeHus.

* Kak 6bIcTpO MOXET ObITb 3aKOHYEH PEMOHT? Ha pEMOHT C HaHeCeHMeM
KOMMO3UTHOIO MOKPbITUS 0ObIMHO HEOOXO0AMMO ABa OHS, a AN 3aMeHbI
Tpybonposoaa 06bI4HO TpebyeTcs NATb-CEMb OHEW.

* bBesonacHo nv nposeaeHve pemoHTa? BriagenbLbl TpyGONpoBOAOB Beeraa
03abo4yeHbl BorpocaMmu 6e30MacHOCTU BeeHUA PEMOHTHbIX paboT ¢
HaHECEHNeM KOMMO3UTHOTO MOKPLITUS UMW YCTAHOBKOM CTaslbHbIX BCTABOK,
BbINOMHAEMbIX B pexume aKcrnyaTauum Tpy6onposoga. PEMOHT ¢ HaHeceHnem
KOMMO3UTHOTO MOKPbLITUA HE AAET AOMOMHUTESbHBIX rapaHTuin 6e30MacHOCTM No
CPaBHEHUIO C YCTAHOBKOW CTaslbHbIX BCTABOK.

PeMOHT ¢ HaHeceHeM KOMMO3UTHOTO MOKPLITUSA obecrednBaeT
9KOHOMWYECKW BbIFOAHOE YCTPaHeHWe SMUCCUI MeTaHa, KoTopasi XapakTepHa
Ans repMeTUYHbIX AedekToB TpybonpoBoaos. MapTHepbl NporpaMmbl MOTYT
NpPeanoXuTb COBCTBEHHbIN OMbIT MPUMEHEHWS], NPEACTABMNEHHOR TEXHOMOrK,
KOTOPbI BKIOYAET criedytoLlee.

% lcnonb3oBaHne KOMMO3UTHOTO NMOKPLITUS BO3MOXHO B KayecTse
OOMroBpeMeHHON Mepbl YCTPaHEeHUs repMeTUYHbIX AedeKToB
TpybonpoBoAa 1 kak BPEMEHHOWN Mepbl yCTpaHeHns 0edeKToB,
BbI3BaHHbLIX KOPPO3NEN BHYTPEHHEN NMOBEPXHOCTH.

* /icnonb3oBaHne KOMMNO3UTHOMO NOKPbLITUA NMPU PEMOHTE obecneunBaeT
OKOHOMUIO METaHa, TakK KakK npun 3TomMm OTCYyTCTBYET HeobXoaAMMOCTb
OCTaHOBKM 3KCnyataunn noBpeXXgeHHOro y4acTtka TPY6OI'IpOBOJJ,a n
BbIlyCKa Me€TaHa B aTMOC(*)epy nepen Ha4asrioM peMOHTHbIX pa60T.

* OBGbembl IKOHOMUM MeTaHa MOTyT BbiTb JOCTATOUHLIMM A NOKPLITUS
3aTpar Ha PEMOHT, OCYLLIECTBSIEMbI MOCPEACTBOM HAaHECEeHUs
KOMMO3WUTHOIO MOKPbITUS, U, KaK CriedcTBue, NPOeKT UMEeT HeMea 1eHHbI
CPOK OKYMaemoCTH.



* KoMnoantHoe noKpbITUE MOXET CTaTb MaeanbHOW ansTepHaTUBOM A1
YCTPaHEeHWs1 repMETUYHBIX Ae(EKTOB MPU BbICOKON CPOYHOCTM PEMOHTA,
Tak KaKk MOXET HaHOCUTBLCS 3a KOPOTKMIM Nepuog 1 He TpebyeT BKITHOYEHUSsI
pPe3epBHOMO MCTOYHMKA ra3ocHabXeHus.

* B nepuon peMoHTa Tpy6onpoBoa MOXKeT oyHKLIMOHUPOBATb B 0GbIYHOM
peXnme Mpu CHKEHHOM HaMoMoBUHY AaBIeHWN, YTO MO3BONAET
n3bexaTb NoTeHUManbHbIX NEPEPLIBOB B rasocHabXeHuUK, notepu
NpUGLINK 1 3aTpar, CBA3aHHbIX C BbIMyCKOM rasa.

% JlerkocTb matepuana KoMNo3MTHOIO MOKPbITUSA obecneynBaeT
OTHOCUTENBHYH HECINOXHOCTb YCTAHOBKW. [1Ba TEXHMKA HU3KOW
KBanmMduKaLumum MoryT BbINOSIHATE PEMOHT 3a HECKOSIbKO YacoB, He
MCnonb3yst CBapKy Unn crneuunasbHOe Norpy304Ho-pasrpy3oqHoe
obopynoBaHue.

* Hannune KoMNo3NTHOrO NOKPbLITUS UCKIOYAET HEOBXOAMMOCTb
[OPOroCcTOSILLMX 3afepKeK Ha crneumnduKaLmio 1 oCTaBKy
METanMM4Yecknx BCTaBOK U CErMEHTOB TPYObl AN pEMOHTA
TpybonpoBsoga.

* HaHeceHne KOMMNO3MTHOrO NOKPbITUSI NMO3BONSET BOCCTAHOBUTb
HavanbHOe JaBrneHve B TpyOONpoBoaE 1 yryyLlaeT ero yCTONYMBOCTb K
AanbHenLweMy CTPYKTYPHOMY paspyLLEHUIO.

* KcnbiTaHus cermeHTOB TpyOOMpPOBOAA, BOCCTAHOBIIEHHBIX C MOMOLLbHO
KOMMO3UTHOTO MOKPbITUSA, MOKa3anu, YTo UCCreayeMbIi y4acToK TpyObl
HaxoguTCsa NoA HEMPEpPbLIBHOM KaTOAHOW 3aLLMTON.

* Ha cerogHawWHMIA OeHb MHOMME KOMMaHUW NOCTaBASIOT CUCTEMbI
KOMMO3UTHOIO MOKPbITUA, KaXXOaa U3 KOTOPbIX UMEET CBOU
npenmyulecTsa. |-|O3TOMy O4YeHb BaXXHO BECTU paCLLII/IpeHHbIIZ NoncK
Hy>KHOIZ CUCTEMbI.

* BepawuTe yyeTt cokpalleHus aMUccumM MeTaHa, LOCTUIHYTOro C
NPUMEHEHNEM NPEOJIOKEHHON TEXHOMOMMM, U BKITIOYANTE 3TN AaHHbIE B
otyeTbl no nporpamme Natural Gas STAR, ecnu npeaBapuTeNnbHO
KOMMaHu1s Ucrosb3oBasia TEXHOMOMI0 3aMeHbl MOBPEXAEHHOIO yyYacTka
TpybonpoBoaa.

Armor Plate, Inc., <www.armorplateonline.com>.

ASME B31G, Manual for Determining Remaining Strength of Corroded
Pipelines: Supplement To B31 Code-Pressure Piping, 1991.

Boreman, J. David, et al., Repair Technologies for Gas Transmission Pipe-
lines, Pipeline and Gas Journal, March 2000.

Columbia Gas Transmission and Columbia Gulf Transmission, personal con-
tact.

EPA Partnership, Columbia Energy Reports Significant Reduction in Meth-
ane Emissions, November 2000.

Furrow, M. L., U.S. Department of Transportation, personal contact.

Gas Research Institute, Summary of Validation of Clock Spring® for Per-
manent Repair of Pipeline Corrosion Defects, GRI-98/0227.
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Leewis, Dr. Keith, Gas Technology Institute, personal contact.
McAllister, E.W., Pipeline Rules of Thumb Handbook, 5" Edition, 2002.

Mohitpour, M. et al., Pipeline Rehab Responding to Regulatory Pressures,
Technological Advances, Oil and Gas Journal, January 20, 2003.

Oil and Gas Journal, Composite Wrap Approved for U.S. Gas-Pipeline
Repairs, October 9, 1995.

Quick, Porter, Economics of Pipeline Repair, The Southern Gas Association
Transmission Operating Conference, New Orleans, Louisiana, July 2001.

The Clock Spring® Company L.P., <www.clockspring.com>.
The StrongBack Corporation, <www.strongbackcorp.com>.
Tingley, Kevin, U.S. EPA Natural Gas STAR Program, personal contact.

U.S. Environmental Protection Agency. Lessons Learned: Using Pipeline
Pump-Down Techniques to Lower Gas Line Pressure Before Maintenance
(EPA430-B00-007, December 2000).

WrapMaster, Inc., <www.wrapm.com>.



KomMno3ntHoe nokpbiTue
Tpy6onpoBogor ana Clock

Spring
HOvameTp CtoumocTb BUTKa
TpyoonpoBoaa, | KOMMO3UTHOro
arnum. (cm) nokpbITKs (2001 r.)

4 (10,16) $432

6 (15,24) $402

8 (20,32) $466

10 (25,4) $508

12 (30,5) $549

14 (35,6) $599

16 (40,6) $649

18 (45,7) $717

20 (50,8) $794

22 (55,8) $859

24 (61) $878

26 (66) $924

28 (71) $969

30 (76) $998
32(81,2) $1 051

36 (91) $1129

40 (101) $1 331

42 (106,7) $1 386

44 (111,7) $1 488

48 (122) $1 668

56 (142) $1 951
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I'Iepeqel-lb KoMnnekTauum KOMNO3NTHOro NOKpbITUA

® KomnosuTHasi neHTa (wupvHa 12 atoimos (30,5 cm), TonLwMHA Mocre YCTaHOBKM
0,5 gronma (1,27 cm))

Knen

PacnpegenuTtenbHbIn HanonHUTENb

Banuk ana HaHeceHns NoKpbITUA

[1ByCTOPOHHSAA Knen-noayLuka st Hadana pabot

BrlpaBHyBatoLye 6roku

AnnnuKauyoHHas KUCTb, KapaHaaLl Afst HAHECEHWS MPSIMbIX NIVHWYA Ha »kenob, narka
ANS nepeMeLl BaHsl, CMECUTENb AMNs MIHOBEHHOIO NepeMeLLInBaHiis, pesepeyap Ans
mycopa

@ He BXoguT B 06s3aTENbHBIN NEPEYeHb: CNeLanMaMpoBaHHbIi YCTAHOBOYHbIV CTEHA,
0N NIPOEKTMPOBaHMA

WeTounwk: Clock Spring® Company L.P.Clock Spring® - 3apervctpupoBaHHasi Toprosasi mapka NCF
Industries Inc. Bce npaBa 3awwmieHsbl. MpowsseneHo cornacHo nuueHsnm NCF Industries Inc. Clock
Spring symbol - Toproeasi mapka Clock Spring Company L.P.

npaﬁc-nuc'r BcnomMmorartesibHOro
oAHopa3oBoro obopyaoBaHus (6e3
y4dyeTta CTOMMOCTHU KOMI'IneKTaLIVIVI)

CraHzapTHble BCrIOMOraTernbHble $150
CTEPXKHU 1 XOMYThbI
BcrnomoratenbHble CTEPXKHU U XOMYTbI $225
ANt Harpy>XeHHOro pexumMa paboTbl
CrarmsatoLLmii XomyT $25
MexaH1am s nogaqn sHeprum $350
TemnepaTypHbI AaTYMK C MarHUTOM $32,50
Mpubop Ans onpeneneHnst TBEpOOCTU $350
Shore "A"
BcrnomoratenbHble CTEPXXHU U XOMYTbI $150
[rsi OKOHYaHWs paboT
O06y4yeHune, 6e3 yyeTa CTOMMOCTU $750
npoesga
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